Purified lipopolysaccharide (LPS) extracted with phenol-water from smooth Brucella abortus was hydrolyzed with 1% acetic acid at 1000C. The A subclass-specific enzyme-linked immunoassay showed that most of the antibody in sera from infected cows which binds to smooth LPS and to NH is of the immunoglobulin Gl subclass.
It has been known for a number of years that in addition to smooth lipoplysaccharide (S-LPS) and protein, ether-water, trichloroacetic acid, and phenol-water extracts from smooth Brucella cells all contain a complex polysaccharide hapten which has been called component 1, second polysaccharide, or poly B (6, 7, 9) . It was also shown (8) that extracts from rough Brucella melitensis strain B115, which lack S-LPS, contained a nontoxic and non-immunogenic polysaccharide which gave reactions of complete identity in immunodiffudion with the polysaccharide hapten present in endotoxin preparations from smooth Brucella. For historical reasons (2, 8, 9, 21) and for practical purposes, the name poly B will be reserved for that polysaccharide hapten extracted with trichloroacetic acid from rough B. melitensis strain B115, and the abbreviation NH (native hapten) will be used for the polysaccharide hapten present in endotoxin preparations extracted from smooth Brucella.
Diaz et al. (8) reported that it was possible to differentiate sera from cattle infected with field strains of B. abortus from sera of cattle vaccinated with the attenuated smooth strain 19 by precipitation with poly B in agarose gels containing 10% NaCl, and their findings were ext Present address: Universidad Nacional, Heredia, Costa Rica.
tended by Jones et al. (15) . Definition of the chemical and serological characteristics, as well as the location of this polysaccharide in the bacterial cell, is essential to understanding its unique reactions with sera from infected animals, but until now these aspects have been studied in only a limited fashion. We present data on the immunochemical characterization of poly B and NH and their relationship to S-LPS and to the degraded polysaccharide (designated AH) liberated from S-LPS by mild acid hydrolysis.
MATERIALS AND METHODS
Bacterial cultures. The Brucella strains used, their characteristics, and the conditions of culture have been described previously (16, 20, 22) . Two rough mutants derived from smooth B. abortus strain 1119-3 were isolated in this laboratory by conventional methods (1) .
Source and characteristics of LPS and polysaccharides. The extraction and purification of LPS, poly B, and AH have been described previously (8, 19a, 20) .
NH from smooth B. abortus 1119-3 was prepared from endotoxin which had been extracted from that strain with trichloroacetic acid (4) . A (22) were produced in rabbits. Antigens (1 mg/ml) were emulsified with Freund complete adjuvant, and 1 ml of the emulsion was injected into the footpads of New Zealand white rabbits. Fifteen and 30 days later the animals were boosted by subcutaneous injection of 1 ml of the antigen (1 mg/ml) in Freund incomplete adjuvant. The rabbits were test bled after 7 days and, if necessary, they were injected for a fourth time. Rabbits were bled out 8 to 10 days after the last injection.
Antisera against f5p and R3a were also produced in C3H/HeAU mice by intraperitoneal injection of 0.2 ml of a 1-mg/ml preparation of antigen in Freund complete adjuvant. A total of five injections were given at 4-day intervals. The mice were bled 5 days after the last injection.
Antisera specific for lipid A from B. abortus 45/20 were produced by the method of Galanos et al. (12) . Briefly, rabbits were injected intravenously with 100, 200, 300, 400, and 500 ILg of acid-treated bacteria (1% acetic acid at 1000C for 3 h). The rabbits were bled 5 days after the last injection.
Bovine sera from infected and strain 19-vaccinated cattle were obtained as described by Diaz et al. (8) .
Absorption of immune sera. Living cells of smooth B. abortus 1119-3 or rough B. melitensis B115 at a concentration of 1 ml of packed bacterial cells per 1 ml of undiluted serum were used to absorb antibody to cell surface antigens. For absorption with isolated antigens, specified amounts of B. abortus S-LPS, which had been freed from NH by gel filtration in Sephadex G-100, poly B, or purified NH were used per milliliter of serum diluted 1/10 in phosphate-buffered saline. The mixtures were incubated at 370C for 3 h with constant stirring, and the bacterial cells or immunoprecipitates were separated from the serum by centrifugation at 7,000 x g for 2 h at room temperature.
Serological analysis. Immunoelectrophoresis was performed as described previously (9) . For immunodiffusion, gels were prepared with 1% agarose in borate buffer (pH 8.3) containing 10% NaCl to enhance precipitation, especially with bovine antisera (8) .
An enzyme-linked immunoassay (ELISA) was per- RESULTS Polysaccharide haptens. When the protein antigens present in crude phenol-water-or trichloroacetic acid-extracted preparations of S-LPS from B. abortus were removed with sodium dodecyl sulfate in the cold, only two precipitin bands were detectable by immunoelectrophoresis or immunodiffusion (Fig. 1) . The component closer to the antigen well was identified as S-LPS, and the component closer to the antiserum well was identified as NH. NH gave reactions of identity with both purified NH and poly B. Using the Ouchterlony technique, it was not possible to show cross-reactions between the polysaccharides and the S-LPS because they migrated at different rates in the agarose. NH and poly B gave precipitation lines during the first 6 h, and S-LPS showed a line of precipitation only after 24 h.
Pure S-LPS (f5p) free of NH ( Fig. 2 ) was subjected to hydrolysis with 1% acetic acid at 1000C, and samples were removed at intervals, quickly cooled, neutralized, and tested by immunodiffusion (Fig. 3) . As hydrolysis continued, there was an increase in the amount of the faster-diffusing components, as shown by the displacement of the precipitate line toward the antiserum well. After 120 min of hydrolysis, all of the slowly diffusing component (S-LPS) had disappeared. When tested by immunodiffusion with serum from an infected cow ( Fig. 1 and 4 trichloroacetic acid-extracted NH-free S-LPS were each: (i) extracted with 1% trichloroacetic acid at 40C for 24 h, (ii) extracted with 45% phenol in water at 680C, and (iii) incubated with 1 mg of soluble cytoplasmic fraction or with the cell envelope fraction from rough B. melitensis B115 or rough B. abortus 45/20 per 10 mg of S-LPS. NH was not demonstrable by immunodiffusion in the S-LPS preparations after these treatments, indicating that none of these procedures was capable of degrading the S-LPS to a significant extent.
When soluble cytoplasmic fraction and membranes from rough B. abortus 45/20 and B. melitensis B115 were each subjected to trichloroacetic acid extraction as described by Ribi et al. (21) , poly B could be isolated only from the soluble cytoplasmic fraction or the whole B. melitensis B115 cells (Fig. 1) . Also, poly B could sera from other infected cows did not distinguish the difference between NH and poly B (Fig. 7) . Furthennore, although sera from strain 19-vaccinated cows or from mice immunized with purified S-LPS precipitated with S-LPS (Fig. 4 and  7) , they did not precipitate with NH, AH, or poly B.
To determine whether the S-LPS present in the outer membrane of Brucella cells was partially depolymerized into NH by the methods of extraction used to isolate the endotoxin or by degradative enzymes present in the bacteria, three tests were done. The pure S-LPS (f5p) and (7), could each remove precipitins for both poly B and S-LPS. On the basis of these observations, they concluded that poly B was present at the cellular surface of smooth Brucella, but only in the cytoplasm of rough B. melitensis B115. These authors also suggested that poly B could be a precursor of the polysaccharide of the S-LPS molecule.
The isolation of poly B from the soluble cytoplasmic fraction but not the membranes of rough B. melitensis B115 in the present investigation supports the conclusion based on absorption experiments (7) that this hapten is present in the cytoplasm of rough B. melitensis B115. Since the soluble cytoplasmic fraction probably includes products released from the periplasmic space after the rupture of the cells, it is also possible that poly B is a component of the periplasmic space.
Our results also make it unlikely that NH is a product of depolymerization of S-LPS by degrading enzymes present in the bacteria or by on October 27, 2017 by guest http://iai.asm.org/ Downloaded from the extraction procedures used to isolate the endotoxin from Brucella cells. Furthermore, it was shown earlier that mild methods of extraction of smooth Brucella, which are unlikely to break covalent bonds in the S-LPS, always extract both NH and S-LPS (3, 9) .
The antigenic relationship between the polysaccharide haptens and S-LPS was established by the hydrolysis experiment (Fig. 3) , the absorption experiments (Tables 1 and 2) , and the production of antibodies against NH, AH, and poly B in rabbits immunized with pure S-LPS. Antigenic differences were not seen when NH and AH were tested against serum of a rabbit immunized with f5p or sera from some infected cows (Fig. 4 and 5) . The quantitative differences found in the individual sugars of the AH and the NH suggest that these polysaccharides are similar but not identical.
On the other hand, the chemical differences between poly B and NH and AH do reflect differences in precipitation when tested against serum from a rabbit immunized with pure S-LPS or against sera from some infected cows ( Fig. 5 and 6 ). Only one of six rabbits immunized with f5p and some infected cows had antibody capable of recognizing these differences in specificity among the polysaccharides. Differences in determinants of poly B compared with NH and AH were also confirmed by the inability of poly B to absorb all of the antibody against NH. KDO and quinovosamine, sugars which are present in S-LPS, AH, and NH but absent or present only in trace amounts in poly B, may be the determinants accounting for these serological differences. Experiments on blocking the reaction of the cross-reactive sera with NH and AH by KDO and quinovosamine would be required to test this hypothesis.
It may be that the differences in serological specificity observed between these polysaccharides are species differences, since poly B was isolated from rough B. melitensis B115 and NH and AH both were isolated from smooth B. 21 .82); however, it could be resolved from galactose, which migrated differently (retention time = 22.60) under our chromatographic conditions. At this time, we do not know the significance of these differences. Analysis of more B. melitensis LPS is necessary before any conclusions can be made.
The precipitation of poly B with infected cow serum in agarose gel containing 10% NaCl contrasted with the relatively small amount of immunoglobulin of this serum bound to the poly B in the ELISA. Low-affmiity antibodies against the immunodominant determinants of poly B in the serum from the infected cow, which may be removed during the washing procedure in the ELISA but may be readily precipitable in highsalt agarose gels, could explain these contradictory results.
Additonal antigenic determinants, probably located in the core polysaccharide or in the lipid A of the S-LPS, together with the low affinity of antibody against NH or poly B which may be present in the serum from the infected cow, may account for the failure to remove all of the antibody against S-LPS ( (6, 9) , as well as the striking similarity with the "native haptens" described for Enterobacteriaceae, suggest that the NH and perhaps poly B from Brucella are cytoplasmic precursors of the O-polysaccharide chain of the S-LPS molecule. Alternatively, they could be polysaccharides which use part of the synthetic pathway that is nornally used to fully synthesize the O-polysaccharide side chain of the complete S-LPS.
Due to the tendency of these polysaccharides to adsorb to Sephadex and the limited amounts of purified material available, attempts to determine the molecular weight of the NH and poly B by gel filtration have been unsuccessful so far. Based on diffusion in agarose and on the limited data obtained by gel filtration and ultracentrifugation, they probably have a molecular weight of between 10,000 and 50,000, which would be large enough to permit the formation of a lattice during immunoprecipitation.
It is interesting that sera from some infected cows which precipitate readily with poly B do not precipitate with the AH from S-LPS, even though the sera contain antibody to determinants missing from the poly B molecule and present on AH (Fig. 6) . Explanations for this apparent anomaly may be that the AH prepared from whole cells has a lower molecular weight than poly B and forms soluble complexes with the sera or that those antigenic determinants in the AH shared with poly B are under steric hindrance, impeding antibodies of low affinity from forming large enough lattices to precipitate.
The questions ofinterest now are why infected and vaccinated animals react in different fashion to different antigenic determinants in the same molecule (S-LPS). The possible degradation and antigenic presentation of the S-LPS as well as the total amount of antigen present in the infected and vaccinated animals are factors which will have to be considered, as well as the apparently greater tendency to produce antibody of the immunoglobulin Gi subclass. With the results presented here, the empirical observations (8, 15 ) that poly B can distinguish between sera from strain 19-vaccinated cattle and those from infected cattle are susceptible to theoretical understanding, and further detailed analysis of the polysaccharides may help to explain this phenomenon.
